Aim: The aim of the present study was to explore the safety of day surgery for minimally-invasive parathyroidectomy (MIP) in the treatment of primary hyperparathyroidism (PHPT). Patients and Methods: The records of all patients who underwent minimally-invasive parathyroidectomies for PHPT from January 2001 to December 2017 at our centre were reviewed. Patients who underwent bilateral neck exploration, reoperation and concomitant procedures, such as hemithyroidectomy, were excluded. Patients were placed into two groups: group 1 included day surgery cases, and group 2 included patients who were admitted 1 day before the operation and discharged >1 day after the operation. Patient demographics and clinical outcomes were compared between the two groups. Results: Overall, 194 patients were included: 42 in group 1 and 152 in group 2. There was no statisticallysignificant difference between the mean age (P = 0.094), percentage of female patients (P = 0.072), American Society of Anesthesiologists score (P = 0.659) and preoperative and postoperative blood calcium level (P = 0.252 and P = 0.097, respectively) between the two groups. There was also no statistically-significant difference between the two groups in terms of outcomes, such as bleeding/haematoma (P = 0.598), wound infection (P = 0.328), recurrent laryngeal nerve injury (P = 0.234), postoperative hypocalcaemia (P = 0.082), recurrent/persistent disease (P = 0.328), revisit to the Accident and Emergency Department within 30 days of discharge (P = 0.446), unplanned readmission (P = 0.359) and death (P = 0.598). Conclusions: Overall, we believe that our data indicate that day surgery is a feasible and safe option for patients undergoing MIP for PHPT.
Introduction
Primary hyperparathyroidism (PHPT) is a disease that is characterized by hypercalcaemia and the autonomous production of parathyroid hormone (PTH). In approximately 85 per cent of cases of PHPT, it is caused by a single parathyroid adenoma. 1 Other less common causes include parathyroid hyperplasia, double adenoma and parathyroid carcinoma. 1 Surgery is the only curative treatment for PHPT. 1 Traditionally, bilateral neck exploration has been the gold standard approach; however, as the majority of cases are due to a single parathyroid adenoma, there has been an increasing preference for minimallyinvasive parathyroidectomy (MIP). 1 Our centre has adopted the MIP approach since 2002.
At our centre, patients are traditionally discharged the day after surgery; however, in recent years, we have changed our practice to day surgery, in which the patient is admitted and discharged on the day of surgery. The purpose of the present study was to explore the safety of day surgery for MIP.
Methods
The records of all patients who underwent MIP between 1 January 2001 to 31 December 2017 at Queen Elizabeth Hospital were reviewed.
Only patients who were diagnosed with PHPT and underwent MIP were included in the study. Patients who were underwent bilateral neck exploration, reoperation and concomitant additional procedure, such as hemithyroidectomy, were not included in the study.
Patients were placed into two groups. Patients in group 1 were day surgery cases, which meant that they were admitted and discharged on the same day as the operation. Patients in group 2 were admitted 1 day before the operation and discharged >1 day after the operation.
Patient demographics, such as age, sex and American Society of Anesthesiologists (ASA) physical status classification were recorded. In addition, preoperative and postoperative calcium levels and preoperative and postoperative PTH levels were included in the study. Complications, such as bleeding, wound infection, recurrent laryngeal nerve injury, hypocalcaemia, persistent/recurrent hyperparathyroidism, visit to the Accident and Emergency Department (AED) within 30 days of discharge, readmission within 30 days of discharge and postoperative mortality, were compared between the two groups. The study protocol was approved by the ethics review board.
Minimally-invasive parathyroidectomy
MIP involves a focused unilateral neck exploration with removal of the hyperfunctioning parathyroid gland. At our centre, preoperative localization is usually performed with two imaging modalities: ultrasound (or less often, computed tomography of the neck) and a sestamibi scan.
A 2.5-cm incision is made on the neck at the side of the lesion, and exploration is performed. Intraoperative PTH assay (IOPTH) is used to help confirm that the hyperfunctioning lesion is excised.
All surgeries were performed or supervised by experienced endocrine surgeons. For patients discharged on the same day, they were closely monitored postoperatively for at least 4 h, and were examined for any potential complications, such as neck swelling, bleeding, hoarseness of voice and difficulty breathing before discharge. All patients were followed up 2 weeks and then 6 months after discharge with instructions to take blood for calcium levels beforehand. Each patient was counselled extensively before the surgery and before discharge by the surgeon in charge, and a detailed information pamphlet was given to the patient preoperatively for better understanding.
Statistical analysis
We performed all statistical analyses using SPSS software (version 23.0; SPSS, Chicago, IL, USA). We used χ 2 -test to compare categorical variables, and independent t-tests to compare the changes of continuous variables between groups. Statistical significance was conferred by a two-tailed P-value of <0.05.
Results
A total of 194 patients underwent <O{ for the treatment of PHPT during the period from January 2001 to December 2017. Forty-two patients were day surgery cases (group 1), and 152 patients were a 1 day before and discharged >1 day after surgery (group 2).
A comparison of the demographic data and clinical characteristics show that there was no statisticallysignificant difference between the mean age (P = 0.094), percentage of female patients (P = 0.072) and ASA score (P = 0.659) between the two groups ( Table 1 ). The mean preoperative calcium level for groups 1 and 2 were 2.80 mmol/L and 2.83 mmol/L, respectively (P = 0.252), and the mean Table 1) .
For both groups 1 and 2, the majority of the diseased parathyroid glands were found to be parathyroid adenomas (97.6 per cent in group 1 and 98 per cent in group 2). There was one case of parathyroid carcinoma in group 2 (0.7 per cent), and patient ultimately underwent a second operation, in which hemithyroidectomy was performed on the affected side. Interestingly, there were two cases of atypical adenoma of uncertain malignant potential (1.4 per cent) found in group 2. These patients were followed up for a longer period of time and never developed any recurrence of disease or carcinoma ( Table 1) .
The postoperative complications between the two groups are compared in Table 2 . There was no statistically-significant difference between the two groups in terms of bleeding/haematoma (P = 0.598), wound infection (P = 0.328), recurrent laryngeal nerve injury (P = 0.234) and postoperative hypocalcaemia (P = 0.082). In group 2, five patients (3.3 per cent) developed recurrent laryngeal nerve injury that presented as hoarseness of voice; these patients were subsequently referred to an ear, nose and throat specialist, and all made a full recovery within 3 months.
One patient in both groups 1 (2.4 per cent) and 2 (0.7 per cent) developed persistent disease (P = 0.328) ( Table 2 ). In both instances, the patients developed persistent hypercalcaemia postoperatively, and after thorough investigation, ultimately required a second operation, in which a double adenoma was found and removed.
A total of 20 patients revisited the AED within 30 days of discharge--three patients from group 1 and 17 patients from group 2--however, the difference was not statistically significant (P = 0.446) ( Table 2 ). Most of the reasons for the AED visits were not related to the surgery. One patient from group 1 and four patients from group 2 visited the AED for paraesthesia. However, only one patient from group 2 was found to have genuine hypocalcaemia and was admitted to hospital for further management. The reasons for the AED visits for each patient are shown in Table 3 .
Two other patients from group 2 were also admitted to hospital; one for postoperative wound infection, and the other for hand cellulitis. Comparison of the readmission rates between the two groups was found to be insignificant (P = 0.359).
There was one death in group 2 (P = 0.598) ( Table 2 ). This patient had been discharged on postoperative day 2 and was subsequently readmitted 7 weeks after surgery for congestive heart failure. The patient died 69 days after surgery.
Discussion
When deciding the feasibility of day surgery, there are several areas that should be taken into consideration: the preoperative patient assessment, the type of operation, postoperative recovery and discharge. Improvements in preoperative localization of the affected parathyroid gland and the use of intraoperative PTH has helped to facilitate the use of MIP to treat patients with PHPT. Compared to bilateral neck exploration, MIP has been found to have similar curative and postoperative complication rates. 3 In addition, MIP can help achieve a smaller dissection field, shorter operating time, improved cosmesis and reduced postoperative discomfort. 1 It is due to these various advantages that MIP can be considered as a day surgery procedure.
It is reasonable to postulate that patients selected for day surgery could potentially have better premorbid status with lower general anaesthesia risk, thus facilitating the possibility of day surgery. However, from our data, it can be seen that groups 1 and 2 had similar demographics, including mean age (55.07 years vs 58.34 years, P = 0.094) and ASA score, in which the majority in both groups were ASA II (71.4 per cent vs 10.4 per cent, P = 0.659). However, we acknowledge that overnight hospitalization might be required for certain patients, such as those with poorer premorbidity or lack support at home to facilitate early discharge.
The present study showed that the complication rates between patients who underwent day surgery for MIP did not increase compared to those who did not undergo day surgery. There were no instances of bleeding/haematoma or recurrent laryngeal nerve injury in the study group. There was a trend towards transient hypocalcaemia rates being lower in the study group compared to the control group (2.4 per cent vs 11.2 per cent, P = 0.082), albeit the analysis showed it to be insignificant.
From the literature, it has been found that transient hypocalcaemia rates after parathyroidectomy can range from 5 per cent to 47 per cent. 1, 4 Many studies have tried to find predictive factors to identify patients who would develop hypocalcaemia after parathyroidectomy. Kidwai et al. found that patients with a larger intraoperative decrease in IOPTH at 20 min, higher calcium levels and PTH levels preoperatively were more likely to experience hypocalcaemia-related complications postoperatively. 5 A study by Crea et al. found that intraoperative PTH reduction was found to be predictive for postoperative severe hypocalcaemia in patients undergoing parathyroidectomy for PHPT. 4 Another study by Steen et al. found that a drop of >80 per cent in IOPTH at 10 min was a significant factor for postoperative hypocalcaemia. 6 A study by Elaraj et al. found that an IOPTH drop of 84 per cent from baseline had a positive predictive value of 46 per cent for identifying patients who would require calcium and vitamin D supplements after parathyroidectomy for PHPT. 7 However, many of the studies were limited by a small sample size and were of a retrospective nature. It has also been recognized that hypocalcaemia usually develops on the third or fourth postoperative day, 1 thus an overnight stay does not necessarily reduce the rates of postoperative hypocalcaemia. The American Association of Endocrine Surgeons Guidelines for Definitive Management of Primary Hyperparathyroidism has a weak recommendation for the consideration of short-term calcium and/or vitamin D supplementation following parathyroidectomy. 1 Overall, we believe that it is worth considering the option of giving prophylactic calcium supplements and/or vitamin D supplements after operation to further reduce the possibility of hypocalcaemia and unwanted readmission or visits to the AED. Three patients from group 1 (7.1 per cent) and 17 patients (11.2 per cent) from group 2 attended the AED within 30 days of discharge. Most of the reasons for attendance were not related to the surgery, with the exception of four patients (1 patient from group 1, and 3 patients from group 2) who attended for paraesthesia, and one patient from group 2 who attended for postoperative wound infection. Of the four patients with paraesthesia. only one patient from group 2 had genuine hypocalcaemia. Both the wound-infection patient and hypocalcaemic patient were admitted for further management (accounting for the only 2 unplanned admissions within 30 days of discharge that were related to the surgery). Both patients were discharged the next day. No patients from group 1 had unplanned admissions within 30 days postsurgery. There was no significant difference for both AED attendance within 30 days (P = 0.446) and unplanned admission rate (P = 0.359). In addition, there was only one death from group 2, in which the patient was readmitted 7 weeks after the operation and ultimately died of congestive heart failure, which was unrelated to the operation. These results further support our belief that day surgery for MIP is feasible.
The literature has suggested that approximately 2-5 per cent of PHPT patients will require further surgery for persistent or recurrent disease. 3, [8] [9] [10] In our study, one patient in groups 1 (2.4 per cent) and group 2 (0.7 per cent) developed persistent hypercalcaemia after the operation, which ultimately resulted in a second surgery for removal of a second adenoma; this is consistent with international standards.
Currently, there is no consensus on whether MIP is recommended for day surgery. However, due to the low complication rates, together with the benefits of a shorter length of stay, reduced risk of hospital-acquired infections and costs, there has been an increasing trend towards day surgery for MIP.
There is also support of day surgery in the literature. A study analysing the outcomes of day case thyroid and parathyroid surgery by Rajeev et al. showed that the overall morbidity rate for parathyroid surgery patients undergoing day surgery was 3.35 per cent; for temporary hypocalcaemia rate, it was 0.2 percent. There were no cases of bleeding, recurrent nerve injury, wound infection or readmission. 11 Rajeev et al. suggested that same day discharge was feasible and safe in carefully-selected patients. 11 Peel and Melck performed a retrospective cohort study of patients undergoing MIP and compared patients discharged on the same day with patients who stayed >1 days. 12 There were no cases of haematoma, wound infection, recurrent nerve palsy, hypoparathyroidism or readmission within 30 days in the group that was discharged on the same day. The authors suggested that same day discharge after MIP could be considered for all patients, unless there were clear indications requiring overnight hospitalization. 12 Gurnell et al. also concluded that, after accurate preoperative localization, patients with PHPT could be safely managed with focused parathyroidectomy as a day procedure. 13 The British Association of Endocrine & Thyroid Surgeons Fifth National Audit Report 2017 found that the length of postoperative stay after parathyroid surgery continues to shorten, with an increase in the number of true day cases, particularly for targeted parathyroidectomy. In addition, it was noted that this trend has not been accompanied by any increase in readmission rates. 14 The limitations of the present study include being a retrospective study and having a relatively small sample size. In addition, we believe that it is possible for MIP to be performed as a day surgery at our centre because of various factors. First, our centre is a large tertiary teaching hospital with a relatively high volume of endocrine patients. We are also equipped with a well-established ambulatory day care centre with experienced day surgery nurses and anaesthesiologists. In addition, surgeries are mostly performed or supervised by experienced endocrine surgeons and consultants, which we believe is a strong factor in keeping complication rates to a minimum. In Hong Kong, hospitals are organized into clusters, and patients usually receive health care at a hospital closest to where they live, thus travelling distance is not a major issue for patients after discharge.
Overall, we believe that our data indicate that day surgery is a feasible and safe option for patients undergoing MIP for PHPT.
